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Abstract

Cyanobacteria produce complex cyanotoxins, such as the
hepatotoxin microcystin. This project assesses the presence and
P il toxicity of cyanobacteria in envi ntal water samples
from Pinto Lake (Watsonville, CA) and Loch Lomond (Santa Cruz,
CA). Methods used in this study to determine toxin gene presence
and intracellular toxin concentrations include the Polymerase Chain
Reaction (PCR), Enzyme Linked immunosorbent Assay (ELISA), and
a modified Utermohl phytoplankton microscopy technique.
Preliminary data show higher overall cysnobacteria abundance,
presence of the mcyB gene, and elevated intracellular toxin levels
in Pinto Lake in relation to Loch Lomond. These data confirm the
presence of toxic cyanobacteria in eutrophic Central California
Coastal lakes slong the Monterey coast.

Introduction

Cyanobactana are present in mozt aquatic ecosystems and are essential for
meny biogeochemical proceszes inclucing atmospheric oxygen production
and the recydling of carbon, mitrogen, sulfur, and phosphorus (Fakowsk
2008). In some cases, harmful algal blooms comprizad of cysnobacteria
releaze an smay of potent hepatotowins, newrotowns, cytotowins and
endotoxinz which have been linked to liver failure, cancer, and desth in
humans and animals [Sruja et. al. 2001},

In the Monterey Bay region & variety of cysnodacteria tae including
Microcystis, Aphanizomenon, Ancboenc, and Woronichinig [Figures 1A-E),
have baen identified as potential producers of the cyanctoxin microcystin
(Figure 2), a cyclic hepatotoxin. Microcystin is zynthesized vis & non-
ribozomal mechanizm which brings together products from a complex gene
Cluster that indudes 10 genes called mayA-mey) (Figure 3,
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Ve used the Polymerase Chain Reaction [PCR) to cetermine prezance or
abzence of cyanobacteria (165-rRNA) and the mcy8 gene. In acdition,
Enzyme Linked immunoabsorbance Aszays (ELISA) were uzed to gauge
intracellar toxin level;, and microzcopy identified the various
cjanobacterisl taia in the zamples to cetermine the presance of
cysnobacterial species in Loch Lomond and Pinto Lakes, located in Cantral
Caffornia. While much CHAB research has been focused in the Grest Lakes
Region, the connection between cyanobacterial toxin levels, seazomel
variadility, and cell cenzity haz not deen well stucied in the Monterey Bay
Ares. [Figure 4).

This study was designed to assess the abundance of potentially toxic
cyanobacteria bicoms over a 12 month period in two distinct freshwater
habitats using an ecology and molecular biology interdisciplinary
approach. Thic information will aszist water mansgement azences by
identifying potentially towic blooms using molecuiar and ecological
technigues in the Monterey Bay Region.
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Methods

Sample Collection and Filtration

AL surface samples were collected weekly from Pinto Lake and Loch
Lomond Reservoir

For cyanotoxin analyses 100-300 mL were fitered onto celiviose filters
from esch sampie and stored at -20°C in glass vials.

* For DNA analysic 40 miL of sample was fitered onto 0.2 pEM
polycarbonate fiiter and stored 2t -80°C.

For cyanodacterin identification anc enumerstion 30 mi aliguots of
unfikered ;ample were preserved using 8 2% Lugol's iocine solution and
stored at &°C.
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Microscopy

* Cysnodacteria icentification based on morphological traits was
completed using an Olympus X74 inverted microzcope and a modified
Utermohl phytoplankton counting method

Preserved samples were centrifuged at 7K RPM for 5 minutes, and 1 mL
of pelleted concentrate was viewed in 8 Seczewick-Rafter counting cell
2t 100x magnification

* To estimate cell count the natursl unit counting protocol devized by
Watzin et 81{2006) was uzed,

Average cel lengths anc areas were uzed to caiculate the adundance of
each cyanodacterial genus throughout the sampling period.

DNA extraction and PCR
* DNA from filtered field samples was extracted uzing the Qjagen DNeazy
plant kit (Germantown, MOD).
The PCR was run =t standard conditions identified in the primary
iterature.
* The PCR products were run on s 2.0% agaroze gei with 8 100 bp lacder

t 70V for 90 minutes.

Table 1: Primers used in this study

Primer Assay Expected
Length
Cyanz9sF 1E54RNA
CymnTeiia 165TANA 40y
CyanTe1is 1ES0A
ey B9 mayd
meyfi32 769 meyd o

Intracellular Toxin Assay / ELISA

* Filtered ;amples were extracted uzing 30% methanol, meaually droken
up, and sonicated.

* The extract was diluted to lezs than 3% methanol in DI water

20ul of ciluted extract was uzed for ELISA using the Envirologix Enzyme

Linked Immunosorbant Assay (ELISA) QuantiPlate Kit for microcysting

and nodularing (Aszay quantification range: 0.16 to 2.3 ppb; cetects

microcyztins LR, LA, RR, and YR).

Results

Preliminary results of intracellular toxin levels highlight the large difference in
toxin concentrations between Pinto Lake and Loch Lomond. Both Loch Lomond
and Pinto Lake experienced large blooms of similar taxa throughout the zampling
period (Figures 5A &B).
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The cyanobacteria specific 165-RNA and mcyB genes were present in both Pinto
Lake and Loch Lomond (Figure 64 & B).
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Discussion
Finto Lake, a eutrophic shallow fake set in @ rich sgriculture-dominated watershed,
demonstrated a higher overall adundance of cysnobacterial cells, higher abuncance of
cysnobacteria-containing toxn genes and experienced toxin levels that exceed WHO
recommendations for 4 ppb in drinking water. in contrast, Loch Lomond, 3 mesotrophic
rezervoir zet in an unceveloped, forested watershed, cemonztrated 8 lower overall
cyanobacterial adundance, intermittent presence of the cysnobactena toxin gene mey8,
and toxin levels that were below & ppd. These results emphasize that very different
freshwater haditats can produce similer cysnobacterial harmful aigal blooms. in
acdition, these cata can be used to inform water management sgencies adout potential
seazonal patterns in dloom formation and the presence of cyanobacterial toxins in
weter dodies used by local communities.
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